Some Considerations on Continental Scale Pollutant Transport Modelling in European Marine Waters by PISTOCCHI Alberto & STIPS Adolf
1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Some considerations on continental scale pollutant transport
modelling in European marine waters
 
 
 
 
 
 
Alberto Pistocchi,  Adolf Stips 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 EUR 24267 EN  -  2010
2 
The mission of the JRC-IES is to provide scientific-technical support to the European Union’s 
policies for the protection and sustainable development of the European and global 
environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
European Commission 
Joint Research Centre 
Institute for Environment and Sustainability 
 
Contact information 
Address: Alberto Pistocchi, JRC, TP 460, Via Fermi 2749, 21027 Ispra (VA), Italy 
E-mail: alberto.pistocchi@jrc.ec.europa.eu 
Tel.: 00 39 0332 785591 
Fax: 00 39 0332 785601 
 
http://ies.jrc.ec.europa.eu/ 
http://www.jrc.ec.europa.eu/ 
 
Legal Notice 
Neither the European Commission nor any person acting on behalf of the Commission is 
responsible for the use which might be made of this publication. 
 
Europe Direct is a service to help you find answers 
to your questions about the European Union 
 
Freephone number (*): 
00 800 6 7 8 9 10 11 
 
(*) Certain mobile telephone operators do not allow access to 00 800 numbers or these calls may be billed. 
 
A great deal of additional information on the European Union is available on the Internet. 
It can be accessed through the Europa server http://europa.eu/ 
 
JRC 56757 
 
EUR 24267 EN 
ISBN 978-9279-15067-8 
ISSN 1018-5593 
DOI 10.2788/66854 
 
Luxembourg: Publications Office of the European Union 
 
© European Union, 2010 
 
Reproduction is authorised provided the source is acknowledged 
 
Printed in Italy 
3 
 
1. Introduction 
 
A large part of Europe’s chemical emissions reaches the oceans and seas through both atmospheric 
transport and deposition, and direct and indirect water discharges.   
The former process is relatively uniform across the continent, especially for chemicals of widespread 
use and pollution from diffuse sources, when horizontal gradients of contamination are not very steep 
(e.g. from atmospheric deposition).; in such cases, one-dimensional vertical (“water column”) models 
[e.g.9, 17] allow estimating the partitioning of chemicals between environmental phases, and overall 
“vertical” fluxes across interfaces (air-water, water-sediments), providing insights on the relative 
importance of the different processes determining chemical fate.  
On the contrary, for emission sources of limited spatial extension such as discharges from rivers or 
from industrial plants, the transport patterns assume the shape of plumes,  and originate relatively steep 
horizontal gradients of contamination, so that lateral transport cannot be neglected. Within plumes of 
contamination, concentrations may range across one or more orders of magnitude, which may be of a 
certain importance when evaluating chemical risks to human health and ecosystems.  
In such cases, a comprehensive two- or three-dimensional seawater circulation and contaminant 
transport model remains the elective tool for the simulation of pollution. In the last decades, 
comprehensive hydrodynamic numerical models have been developed for many areas in the world. 
Using numerical models allows exploring ocean processes beyond crude experimental observations 
through a consistent, continuous representation of processes [51], which enables identifying dominant 
and persistent flow patterns, advective and dispersive parameters controlling the transport of 
contaminants.   Among many other studies, a hydrodynamic model has been implemented for the 
European seas [13, 52, 37], using the GETM code [5], which provides a homogeneous description of 
seawater dynamics for the whole continent.  
However, models of this kind are computationally demanding and require considerable data input in 
order to be properly calibrated and validated. Therefore, direct use of such model may be impractical 
for quick fate and transport calculations under high uncertainties about emissions and environmental 
behaviour of chemicals. 
For practical purposes, it may be of interest to develop screening level tools, which may be applied 
with minimal data input or standard data sets, in order to perform preliminary assessment over large 
numbers of chemicals, when uncertainties in their emissions and environmental behaviour are 
relatively high, and when aiming at a quantification of impacts over large regions rather than a 
detailed, site specific simulation of physical processes.  
One strategy to simplify models is dimensional reduction of the problem. For instance, concentrations 
in seawater predicted by the EMEP MSCE-POP model [3] for polychlorobiphenyls, dioxins and furans 
are well correlated to atmospheric deposition, although the model includes lateral transport (see Figure 
1), suggesting that a one-dimensional model would yield equally good results [e.g. 39]. In a study on 
the English Channel [30], a question was posed about the real advantages of using complex three 
dimensional models compared to simpler box models. Along this line, spatially explicit models have 
been developed describing the geographical distribution of chemicals (e.g. [38, 21, 43, 25, 35]), which 
also take into account the seawater compartment. These models subdivide the seawater compartment 
into a number of boxes, for each computing mass balance depending on “vertical” processes (typically, 
volatilization, particle settling, and degradation) and “lateral” ones (advection and dispersion).   
Developing simple models is often not a choice, but a necessity when describing the fate and transport 
of chemicals in seawaters. This is the case when information about emissions, physico-chemical 
properties, and environmental parameters do not allow nor justify time-consuming, accurate 
simulations and one is rather interested in order-of-magnitude calculations and the identification of the 
relative importance of different processes. This is true in particular for many persistent organic 
pollutants (POPs), as well as for many industrial or agri-chemicals posing concerns for marine 
ecosystems. For certain purposes, such as overall mass balance of substances, very simple box models, 
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such as the one presented by Gomez [12] for the Mediterranean, have been used. Widely adopted 
assessment guidelines, among which the European Commission Technical Guidance Document (TGD) 
on risk assessment  and the LOICZ mass balance methodology suggest to compute expected 
concentrations in the coastal zone of a chemical derived from inland sources, using a continuous 
stirred tank reactor or box model; the LOICZ methodology suggests using an ad hoc definition of the 
box volume and residence time; the TGD proposes a seawater compartment volume defined by a 
coastal current velocity and a dispersion coefficient (or equivalently alongshore and cross-shore 
mixing distances). Although examples are provided of suitable values for current velocity and 
dispersion coefficient, little general guidance is provided about the selection of such parameters under 
varied geographic conditions. Moreover, while box models enable computing a concentration in the 
coastal zone, they do not account for the transport of contaminants towards the outer sea region, and 
cannot be used to explicitly map coastal contamination, which is of interest when aiming at a picture of 
cumulative effects of coastal pollution.  
In this paper, we discuss possibilities and limitations in using simple models, as a supplement to 
existing methods, for screening level predictions at the continental scale when developing complex 
models would require excessive efforts, yet a spatially explicit mapping of coastal pollution is 
required.  
The hydrodynamic models for European seas developed at the JRC using the GETM code [13, 52, 37] 
provide a spatial representation of advection and dispersion processes that, together with improved 
spatially explicit description of processes such as the air-water exchange [9, 15, 16], and features of 
the particulate material in seawater [28, 29], provides relevant material for map-based modeling [39].  
In this report we make use of the hydrodynamic information from these models to build simple model 
schemes of seawater transport, in order to discuss the relative importance of vertical and lateral 
processes (hence the applicability of a “water column” approach for the fate and transport of 
pollutants), and to model the attenuation of seawater pollution from coastal sources through map 
calculations.  
2. Materials and methods 
In this section, we introduce the data we used to develop two simple analytical  tools, namely a box 
model and a model of exponential decay of chemicals with distance from the coast. Subsequently we 
provide details of the two tools. In the next section we use these tools to develop some quantitative 
considerations on the appropriateness and limitations of certain choices in the setup of chemical fate 
models for coastal and marine waters.  
2.1 Hydrodynamics of European seas and definition of homogeneous 
sea zones 
As a first step in the analysis, we reconstructed the hydrodynamics of European seas through the 
aggregation at monthly steps of detailed hydrodynamic model results obtained for the Black Sea [37], 
Mediterranean [13], North and Baltic Sea [52].  
GETM (General Estuarine Transport Model, www.getm.eu) is a recent 3D numerical model which is 
simulating the most important hydrodynamic and thermodynamic processes in natural waters. The 
three-dimensional hydrostatic equations of motion are solved by applying the Boussinesq 
approximation and the eddy viscosity assumption. The model is general in the sense that it can be 
applied to various systems, scales and specifications. The model includes for example flexible vertical 
and horizontal coordinate systems, different turbulence models that are integrated from the GOTM 
(General Ocean Turbulence Model, www.gotm.net), and is a Public Domain model available under the 
GNU General Public License. Results obtained with the GETM model are published for instance in 
[52, 51, 2]. 
Available models for European seas have different resolutions. For the sake of uniformity, model 
results were homogenized to the resolution of 0.25 degrees, obtaining a set of monthly average values 
of northerly and easterly flow velocity, and seawater temperature.  
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The uppermost layer of the ocean is normally referred to as mixed layer, because of the uniform 
distribution of temperature, salinity and therefore also density. Typically the mixed layer depth (MLD) 
will be defined as the depth at which the density (temperature) changes by a certain amount from the 
surface density (temperature). 
There is no unique method applied to determine this so called mixed layer depth in oceanographic 
studies, because of the great regional variability of the density gradient. This tolerance level is 
individually and regionally adjusted [60]. In order to avoid the necessity of doing such a subjective 
adjustment for every European Sea, we decided to determine the mixed layer depth from the depth of 
the maximum density gradient. This method has proved to be very robust without any tuning applied 
for most of the regional Seas in Europe, except for minor uncertainties in some parts of the Baltic Sea 
during spring and autumn stratification changes. 
The spatial distribution of velocity vectors can be plotted and allows identifying sea zones where water 
circulation creates gyres (currents for the months of January and July are provided as examples in 
Figure 2). By visual inspection of the velocity vector plots, a limited number of sea zones can be 
extracted based on the presence of gyres; as these are generally efficient mixing mechanisms [45], this 
segmentation allows minimizing the lateral exchanges between zones. At the same time, the presence 
of gyres inside the zones supports the assumption that full mixing of solutes occurs inside the zone, 
after a finite time, provided the sources of solutes are sufficiently persistent. There are some cases 
when it is not possible to identify gyres. This may happen when water velocities are extremely low, or 
if water flows along a single dominant direction.  
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Figure 1 - Scatter diagram and correlation between atmospheric deposition and sea water concentration for 
PCBs (below) and PCDD/Fs (above) as modelled by the EMEP MSCE-POP model.  
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In the first case, a zone may be identified as a still water body, where mixing may occur due to 
dispersion only; in the second case, a zone represents a channel where advection contributes to the 
transfer of solute and water mass along a specified direction.  
 Based on the qualitative interpretation of the hydrodynamic model results, we extracted 18 zones 
(Figure 2). It is worth stressing that, although seasonal variation appears, the currents identified by the 
hydrodynamic model are rather persistent and can be considered constant year-round as a first 
approximation. The portion of the Atlantic Ocean relevant for Europe is represented as a single zone 
(zone #2) which connects the others; for this zone, advection and dispersion parameters are assigned 
conventionally based on data from [32, 26].  
 
Figure 2 – Hydrodynamics of European seas with the identification of seazones. Above: currents in January; 
below: currents in July. Velocity vectors with intensity less than 10 cm/s are not represented. 
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2.2 Multi-box fate and transport model  
From the results of the GETM model it is possible to derive information necessary to describe the 
interaction among zones as a system of continuous stirred tank reactors (CSTRs) or boxes. The mass 
distribution of a chemical substance can be therefore estimated, under steady state assumptions,  by 
solving a system of linear mass balance equations for  the chemical, which can be written in matrix 
form (e.g. [38,]) as:  
S  - K M  = 0      (1)  
where K is the rate matrix, M is the mass vector representing the total mass of chemical in each zone, 
S the source vector representing the net external input of chemical to each zone. This is a level III 
multi-box model according to Mackay [22, 23]. The rate matrix has diagonal terms as:  
Kii = Ki,removal+ Ki, transport    (2) 
Where Ki, removal is the removal rate, including degradation, volatilization and settling of sediment-
attached substance, while K i, transport =∑
≠=
n
ij
j i
ijij
V
QP
1
+∑
≠=
n
ij
j i
ijij
V
JP
1
, whereas off-diagonal terms are:  
Kij = -
i
jiij
V
QP
+
i
jiij
V
JP
    (3) 
In the above equations, Qij is the advection mass discharge per unit perimeter of the zone, Jij is the 
dispersion mass discharge per unit perimeter of the zone, Vi is the volume of zone i and Pij is the 
length of the portion of the perimeter of zone i adjoining zone j. 
Advection mass discharge is estimated by the product of dissolved concentration times water 
discharge. In this report, we refer for discussion to the annual mean (average of the monthly means) of 
velocity (Figure 4) and mixed layer depth. Estimates from the literature have been used for exchanges 
between the North Sea and Atlantic through the English Channel [48], Black Sea and Mediterranean 
[44], and Mediterranean and Atlantic Ocean [12]. Also, when the GETM model resolution did not 
allow accurate estimates, literature data were used, as in the case of exchanges across the strait of 
Messina [1] and the exchange between the Black and the Azov sea [19]. Dispersion mass discharge is 
estimated using a linear approximation of Fick’s law: J =
X
CChD
Δ
− )( 0 , where D is the dispersion 
coefficient, h is the zone depth, and XΔ  is the cell size of the calculation (here, equal to approximately 
25 km or 0.25o).  
The dispersion coefficient can be estimated using empirical approaches [36, 7]; however, there is little 
guidance on the choice of one single empirical model among many, although the implications may be 
dramatic not so much on the pattern of spatial evolution of the dispersion coefficient, as on the orders 
of magnitude (see example of Figure 3). Such an indetermination of the orders of magnitude does not 
allow to use empirical models for the purposes of this study.  
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Figure 3 – Comparison of dispersion estimates according to two different empirical models 
The dispersion coefficient can be seen as a result of local turbulence in a constant average velocity 
field; in such case, it is usually described as a function of the scale of the plume size, L, and through 
statistical mechanics arguments it can be proven to be proportional to L4/3 [see e.g.[7], p. 93], although 
experiments suggest its growth is slower with L and corresponds to an exponent equal to 1.15 [36]. 
At larger scales, however, average velocity fields are never constant. In such cases, D accounts for 
transport mechanisms related to the deformation velocity. In particular, the Smagorinsky model [50] 
can be formulated in a two-dimensional case as:  
2)( X
x
V
y
UD Δ⎟⎟⎠
⎞
⎜⎜⎝
⎛
∂
∂+∂
∂∝  
where U, V are velocity components in the mixing zone, along x and y directions respectively, and 
XΔ is the model resolution. Usually, a proportionality constant of 0.04 is assumed. In this case, 
dispersion does not depend any more on the scale of the plume length, and in zones of small variation 
of the velocity gradients it maintains a constant value. In this study we referred to the Smagorinsky 
algorithm in the form:  
2)(04.0 X
x
V
y
U
x
V
y
UD Δ⎟⎟⎠
⎞
⎜⎜⎝
⎛
∂
∂+∂
∂⎟⎟⎠
⎞
⎜⎜⎝
⎛
∂
∂+∂
∂=     (4) 
where U, V are velocity components in the mixing zone, along x and y directions respectively, and 
XΔ is the model grid cell size (in the current implementation, equal to 25 km). Dispersion from annual 
mean velocity is plotted in Figure 4.  In some chemical fate and transport models (e.g. [56]) advective 
transport is considered negligible in comparison with dispersion at global scale. To evaluate the local 
relative importance of the two phenomena, we computed a map of the Péclet number: 
D
VUX
Pe
22 +Δ= .       (5) 
Figure 5 shows the map histogram, indicating that in most of the European seas advection and 
dispersion are comparable (Pe in the range 10-1– 101).  We computed a map correlation matrix for the 
hydrodynamic variables, highlighting that the Péclet number results are spatially poorly correlated 
with dispersion and velocity, whereas these have a relatively high correlation, as visually highlighted 
in maps of Figure 4.  
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 Pe Dispersion  
coefficient 
Velocity Depth 
Pe 1 -0.03 0.03 -0.01 
Dispersion coefficient  -0.03 1 0.45 0.13 
Velocity 0.03 0.45 1 0.14 
Depth -0.01 0.13 0.14 1 
Table 1 – Correlation matrix of the hydrodynamic variables 
 
The total mass of the chemical M in the bulk of each zone is distributed among water and suspended 
sediments under the assumption of equilibrium partitioning (e.g. [47]):  
CdydxhTSMfKM OW OC )1( ∫∫+=
A
   (6) 
where TSM is total suspended solids concentration (which should include also biomass), C is 
dissolved concentration of the chemical, h the mixed zone water depth, Kow is the octanol-water 
partition coefficient and fOC the fraction of organic carbon in the suspended solids, and A is the area of 
the zone. Usually, Kow is chemical-specific and homogeneous over the compartment, although its 
dependence on temperature is sometimes appreciable [3]. Total suspended matter (TSM) has been 
estimated from SeaWIFS products [28, 29] as described in [42]. In this report, fOC is assigned a 
constant value of 0.5 [20].  
We consider three mechanisms of chemical removal besides transport: degradation (through a constant 
value of the degradation rate), volatilisation and settling with particles to the deep sea zone.  
Volatilisation of the dissolved mass of chemical is described according to the classical double 
resistance model presented in [47] and widely used in other fate and transport models (e.g. [38, 39]): 
⎟⎟
⎞
⎜⎜
⎛ +
=− diffaw
vv
DISSFRv
11
_
'
,
⎠⎝ wa
A
       (7) 
where  v’a is the chemical diffusion velocity through air boundary layer [m/s], vw is the chemical 
diffusion velocity through water boundary layer [m/s], and FR_DISS = . 
1)1( −∫∫+ OW dydxhTSMfK OC
We adopt the following relations [47] for the diffusion velocity in air:  
( 003.0002.018 10335.0' +⋅⋅⋅⎟⎞⎜⎛= uK
MW
v awa )⎠⎝    (8) 
and in water:  
( 0004.000004.032 210285.0 +⋅⋅⎟⎞⎜⎛= uMWvw )⎠⎝    (9) 
where MW is the molecular weight of the chemical and u10 the mean wind speed at 10 m over surface 
[m/s]; wind speed on the sea surface was taken from [49].  
The sink of chemicals with sediment settling to the deep seawater is described through a simple 
product of the settling velocity of particles, times the sediment phase concentration of the chemical. 
The settling velocity of particles is assumed to be constantly equal to 1E-4 m/s, which is in the range 
of values reported in the literature (e.g. [27, 34, 18]). A sensitivity analysis of the model with respect 
to both fOC and the settling velocity has been done with reference to 5 hazardous priority substances of 
the Water Framework Directive 60/2000/EC [58] as reported in Table 3 (with the respective physico-
chemical properties), highlighting that the removal rates are almost independent on these two 
parameters for the selected chemicals. It is worth noting that many other parameterization schemes 
have been proposed elsewhere (e.g. [59]). The average values of the parameters required for the 
computation of the partitioning and removal rates are shown in Table 2. 
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Figure 4 – Spatial distribution of the dispersion coefficient and velocity (annual means) 
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Figure 5 – Frequency distribution of the Peclet number (annual mean) 
 
zone # perimeter  
km 
area km2 V x d  
m2/s 
(D/ Δs) x d 
m2/s 
d 
m 
u10 m/s T oC TSM mg/L 
 (x 100) 
diffusion 
velocity in air 
m/s 
diffusion velocity 
in seawater 
m/s 
1 220 38,090 5.82 6.03 30 6.91 10.51 70.0 6.55E-03 1.22E-05 
2 470 3,860,000   50 8  54.0 7.40E-03 1.56E-05 
3 260 66,920 2.4 2.41 46 4.74 18.27 38.5 4.86E-03 6.86E-06 
4 710 180,600 1.6 2.23 45 5.7 18.53 23.7 5.61E-03 8.98E-06 
5 1690 789,900 4.9 4.82 43 6.13 18.33 36.9 5.95E-03 1.01E-05 
6 890 1,327,000 5.31 4.29 47 5.76 20.01 32.9 5.66E-03 9.13E-06 
7 - 427,700 2.75 1.96 21 5.69 14.19 73.5 5.60E-03 8.96E-06 
8 200 52,730 0.71 0.47 13 6.86 10.21 109.6 6.52E-03 1.21E-05 
9 200 54,570 0.38 0.35 23 6.94 8.1 348.3 6.58E-03 1.23E-05 
10 450 219,700 1.18 1.09 37 6.79 9.68 188.3 6.46E-03 1.19E-05 
11 130 110,200 0.82 0.8 34 5.93 7.32 196.0 5.79E-03 9.55E-06 
12 1200 368,400 0.9 0.72 39.8 7.7 10.8 187.2 7.17E-03 1.46E-05 
13 690 64,320 4.92 4.51 44 7.93 10.57 67.2 7.35E-03 1.54E-05 
14 500 32,000 1.7 1.87 41 5.2 18.28 26.0 5.22E-03 7.83E-06 
15 330 110,100 2.28 2.31 45 6.01 16.96 45.3 5.85E-03 9.75E-06 
16 650 62,810 0.8 0.54 18 7.45 12.04 295.7 6.97E-03 1.38E-05 
17 - 38,940 0.08 0.09 4 6.27 10.24 391.6 6.06E-03 1.04E-05 
18 180 72,610 0.71 0.84 26.38 4.8 16.36 54.6 4.91E-03 6.98E-06 
Table 2 – Properties of the 18 European sea  zones  
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The system (1) implemented for the above defined sea zones allows computing mass 
distribution from a generic distribution of emissions. In particular, the model can be used to estimate 
source-receptor matrixes, i.e. mass distributions deriving from unit emission in each of the zones. 
Source-receptor matrixes for the chemicals of Table 3 are available in Excel ® format from the 
Authors.  
The model is based on the assumption that each zone reaches complete mixing. Assuming each zone 
of area A is approximated as a circle, the length of the circumference of radius equal to half the radius 
of the zone, L = Aπ , provides a first estimate of the mixing pathway length. The time spent by 
chemicals along this length due to advective movement can be estimated as Tadv= L/v, although 
dispersion of the advective front may affect this estimate [58]. The time required for a cell of given 
concentration to have it reduced by 90% in the assumption of zero concentration at the far border is 
Tdisp = 2
10ln
XDΔ , XΔ  being the cell size. Similarly, the removal time is Trem = k
10ln  where the overall 
removal rate k sums degradation, volatilisation and settling rates. In this way, the ratio between mixing 
times and removal times can be assessed for each sea zone for generic chemicals and particularly the 
ones of Table 3. Results, shown in Figure 6, indicate that often the time scale of mixing within a zone, 
and removal are comparable, suggesting that the assumption of a fully mixed zone should be looked at 
critically, and a variability in concentrations within each zone is to be expected especially for more 
volatile chemicals. However, most of the times mixing is faster than removal and therefore the model 
assumption can be accepted as a first approximation.  
 
chemical 
# 
Name Cas MW Kow Kaw Kdeg hr-
1 
Source 
1 Anthracene 120-12-7 178.2 34673.69 0.001787 0.00126 Impact 2002 
2 Hexachlorobenzene 118-74-1 284.79 316227.8 0.032661 1.26E-05 Impact 2002 
3 Hexachlorobutadiene 87-68-3 260.76 50118.72 1.005795 0.000407 Impact 2002 
4 Endosulfan 115-29-7 406.92 3981.072 0.000427 0.008873 Mackay, 1997 
5 Pentachlorobenzene 608-93-5 250.3 100000 0.03421 0.000112 Impact 2002 
Table 3 – Chemicals used for the assessment of transport. Data sources correspond to the references Mackay, 
1997 [24] and Impact 2002 [38] 
2.3 Plume model of pollution from coastal sources 
A relevant issue concerning European seas is the importance of pollution from inland sources. 
Emissions to the sea from sources of limited spatial extension originate a plume of contaminant 
controlled by removal, advection and dispersion. This plume may take different shape in relation to the 
local dispersion and advection patterns, and particularly to the direction of the main currents. Under 
the assumption that dispersion is the only relevant transport mechanism in oceans, a steady state 
solution of the advection-dispersion-reaction equation, with boundary conditions of given 
concentration at the coastal boundary and zero mass to infinity takes the form:  
⎟⎠⎜⎝ DC )0(
⎟⎞⎜⎛= krfrC
2)(        (10) 
where f is a function depending on the geometry of the problem, and r is the distance from the coast. 
The function f is a modified Bessel function of the second kind for radial propagation, and a simple 
negative exponential for the case of parallel (one-dimensional) propagation (see e.g. [55], pp 486-487). 
In real cases of propagation of contaminants, e.g. from a river mouth, it is likely that an intermediate 
situation is configured. Indeed, a certain degree of radiality in propagation (i.e. increased dispersion 
front) is expected, although the dispersion will occur mainly roughly perpendicular to the shore, 
especially for distributed sources such as multiple river mouths along a shore. A practical intermediate 
solution might be to adopt a decay function with doubled decay rate with respect to the case of parallel 
flow. This assumption is still conservative with respect to the radial case. 
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Figure 6 – Removal vs mixing time for the 5 chemicals of Table 3. 
When advection is present, a steady state solution to the ADRE for parallel flow is a negative 
exponential with decay rate ⎥⎥⎦
⎤
⎢⎢⎣
⎡
+⎟⎠
⎞⎜⎝
⎛
D
k
D
v 2
2
. The parallel flow model is not appropriate when the 
emission occurs over a limited stretch of the coast having length L, so that it cannot be considered 
uniform. In such cases, there is a two-dimensional solution that can be written for the centerline of the 
dispersion plume as (e.g. . [55], p 485): 
)0(
)(
C
rC = ⎟⎠
⎞⎜⎝
⎛− r
v
kexp ⎟⎟
⎞
⎜⎜
⎛
Dr
vLerf
16
2
⎠⎝
.    (11) 
A practical intermediate solution might be again to adopt a decay function given by:    
)0(
)(
C
rC = ⎟⎟
⎟⎞
⎜⎜
⎜⎛
⎥⎥⎦
⎤
⎢⎢⎣
⎡
+⎟⎠
⎞⎜⎝
⎛− r
D
k
D
v 2
2
2exp
⎠⎝
    (12) 
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which means doubled decay rate with respect to the case of parallel flow, exactly as in the case of 
dispersion only. When v=0 in Equation (13) we obtain the case of pure dispersion, consistently. When 
k=0 (no degradation) the second term of the decay rate disappears. Although the model can be only 
applied to idealized conditions with reference to a given advection direction, Equation (13) can be used 
to define an indicator of chemical concentration persistence from coastal areas, as: 
Ii(x,y) = ⎟⎟
⎟
⎠
⎞
⎜⎜
⎜
⎝
⎛
+⎟⎟⎠
⎞
⎜⎜⎝
⎛− ∫
),(
2
)(
)(
)(2
)(2exp
yxL
d
D
k
D
v σσ
σ
σ
σ     (13) 
where the line integral is evaluated along the shortest pathway L(x,y) from the source to location (x,y), 
using the standard geographic information system (GIS) function known as cost distance [6], with 
parameters D, v and k used to compute the cost map 
D
k
D
v +⎟⎠
⎞⎜⎝
⎛ 2
2
. This indicator assumes that 
advection is always perpendicular to the coast, and represents the maximum seaward propagation of 
coastal pollution.  
 
3. Results  
3.1 Impact of the lateral exchange between zones on chemical mass 
distribution  
We used the model to estimate the distribution of a chemical from given emissions. Two scenarios 
were deemed of particular interest: (1) unit emission per square km of surface all over European seas 
(“uniform emissions”), and (2) a unit  emission in one at a time out of the 18 sea zones (“point 
emissions”). While for point emissions the mass in the cell computed is practically the same that 
would result from a water column calculation, i.e. M = E / (Kremoval + Ktransport), for uniform 
emissions the water column calculation may introduce underestimation when neglecting important 
contributions from surrounding zones. The ratio of mass obtained from the water column calculation, 
over mass obtained from the solution of the system (1), is an indicator of the “autonomy” of each zone. 
The closer the ratio to 100%, the less the zone is influenced by other connected zones. It is also of 
interest to evaluate the importance of lateral exchange over removal in the build up of mass in each 
zone. This can be assessed by comparing the mass resulting from the solution of the system (1) with 
the mass at steady state determined by “vertical” removal processes only (M = E / Kremoval). For 
uniform emissions, neglecting lateral exchanges  may induce over- or under-estimation of mass in a 
sea zone, depending on whether a zone tends to be an “importer” or an “exporter” of chemicals, i.e. 
whether the emission to the cell is less or more important than the advective and dispersive fluxes 
coming from surrounding cells. For point emissions, neglecting lateral exchanges would lead to an 
overestimation of mass in the cell of emission.  By taking the ratio of the total mass in a cell with 
lateral exchanges, over the mass without lateral exchanges, we obtain indicators of the “columnarity” 
or “self-containedness” of each zone. “Autonomy” and “columnarity” of the sea zones are 
conceptually correlated, but the former relates to the influence of external sources to each zone, 
whereas the latter refers to the importance of lateral over vertical processes within each zone. The 
above defined indicators are plotted in Figure 7 and Figure 8 for the chemicals of Table 3. Both 
autonomy and columnarity depend in principle on the chemical under consideration, and not just on 
environmental properties. From the graphs, however, it is apparent that the behaviour is rather similar 
among the different chemicals. For this reason, it makes sense to refer to the average for discussion. 
Autonomy of cells 14 and 15 is low (<50%), whereas the one of cells 1, 3, 4, 13, 16 is lower that 80%. 
This indicates that, when modeling rather homogeneous emissions, these zones should not be 
considered without the contribution from surrounding zones. Columnarity under uniform emissions 
reflects both the relevance of lateral transport over removal processes, and the effects of mass 
gradients across zones, whereas under point emission only the relevance of lateral transport over 
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removal. Under point emissions, zones 1, 4, 13, 14, 15 have a columnarity <50%, while zones 3, 5, 6, 
8, 11, 12, 16, 18 have columnarity <80%. This indicates that all these zones should not be treated as 
independent water columns, i.e., when a local emission occurs, lateral advection and dispersion should 
be included. However, when considering uniform emissions, only zones 1 and 4 have columnarity 
<50%, while zones 5, 6, 8, 13, 18 have columnarity <80%. This indicates that, when emissions are 
rather uniformly distributed, the assumption of independent water columns holds for a wider share of 
European seas.  
 
Figure 7 – Indicator of columnarity for each zone.  
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Figure 8 – Indicator of autonomy of each zone. 
3.2 Mapping potential pollution from coastal sources 
We used equation (13) to estimate the attenuation of concentrations from coastal zones to the seawater. 
In particular, we computed a map of I(x,y) for k=0 (conservative contaminant), as shown in Figure 9. 
We denote this specific map of I as I0(x,y).  
The map highlights areas where attenuation due to dispersion and advection only play a more 
important role. These areas correspond to zones which are more difficult to reach, due to limited 
efficiency of the transport mechanisms. Examples include the inner part of the North Sea, and parts of 
the Mediterranean. The Black Sea appears to be divided in two distinct zones which correspond to the 
circulation pattern. However, most of the European seas are expected to have concentrations within a 
factor of 10 lower than in the coastal area. By computing I(x,y) for an arbitrary value of k, one may 
estimate the time of travel of contaminants in seawater T = 
k
⎟⎟⎠
⎞
⎜⎜⎝
⎛
y)I(x,
y)(x,I
ln 0
, as shown in Figure 9. This 
method has been followed in the context of atmospheric transport modeling to provide a map of 
atmospheric time of travel [46, 47]. This way of estimating the time of travel is not sensitive to the 
value of k, as illustrated in Annex 1 - Sensitivity analysis. The joint use of I0 and the time of travel 
map allows estimating I for an arbitrary non-conservative contaminant as I=I0exp(-k T), thus 
simplifying calculations. 
The time of travel provides also a guidance about the possibility to neglect degradation in chemical 
transport studies: if α is the maximum ratio we can accept between the normalized concentration I0 of 
the conservative substance, and the normalized concentration I of a non-conservative substance, the 
substance with the maximum degradation rate that can be described under conservative assumptions 
corresponds to the rate k(α) = ln(α)/T.  
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Figure 9 –Above: ratio of concentration in seawater versus concentration in the coastal zone. Below: Time of 
travel of contaminants from the coastal zone.
18 
3.3 Discussion and conclusions 
The patterns of seawater circulation, derived from a hydrodynamic model for European seas, allow 
identifying zones which correspond to gyres or to still water areas, with the exception of a few areas 
where a dominant advection direction can be identified. These zones can be looked at as homogeneous 
boxes and described as a system of CSTRs. This represents a simple scheme that can be used for the 
quantitative assessment of pollutants at a paneuropean scale. We use a corresponding system of mass 
balance equations to assess the relative importance of lateral transport and exchanges between zones, 
and vertical processes including settling of particles, volatilization and degradation. We show that in 
some cases the error introduced by neglecting lateral exchanges may be low (case of highly 
“autonomous” or “columnar” areas) due to low influence of external contributions, low importance of 
lateral transport from the zone outwards, or low mass gradients in space. In such cases, a “water 
column” approach to the modeling of pollutants can be adopted which greatly simplifies calculations. 
In other circumstances, however, interactions between zones should not be neglected.  
Moreover, the spatial distribution of velocity and dispersion coefficient values used to parameterize the 
multiple box scheme presented in the report allows the estimation of spatially distributed parameters 
for simple plume models, which can be used to map the attenuation of coastal pollution seawards. For 
demonstration, we build a map of contamination attenuation for a conservative chemical, and a map of 
time of travel, which can be combined to describe a generic non-conservative chemical.  
A comprehensive seawater circulation and contaminant transport model remains the elective tool for 
the simulation of pollution. However, under conditions of high uncertainty and for screening level 
purposes, preliminary calculations can be conducted using simplified tools. When appropriate, a water 
column approach has been already demonstrated to be useful for the understanding of processes. We 
suggest that using circulation patterns from more comprehensive models to parameterize simple 
models, such as plume and multiple-box models, be as valuable a tool when water column approaches 
cannot be accepted. Future lines of research should include an experimental evaluation of the proposed 
models.  
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6. Annex 1 – Sensitivity analysis 
The results of a sensitivity analysis with respect to organic carbon content of TSM and settling 
velocity are provided hereafter. For the 5 chemicals of Table 3, the total removal rate (degradation 
+volatilization + settling) was computed in the baseline case (organic carbon =0.5% of TSM and 
settling velocity v=10-4 m/s) and, while keeping one of the two parameters, the other was varied 
(organic carbon between 25% and 75%, settling velocity between 10-3 and 10-5 m/s). The graphs in 
Figure 10 show the results, indicating that the removal rate is relatively insensitive to these parameters 
in the case of the 5 chemicals analyzed.  For less hydrophobic and/or more persistent chemicals (e.g. 
perfluorinated compounds), the picture may be slightly different  
In order to test the sensitivity of the time of travel (see section 0) to the choice of a reference value 
of the removal rate k, we generated a field of random values of velocity and dispersion coefficients as 
a function of distance, and we computed the ratio C(r)/C(0) according to equation (12), under the case 
of parallel  flow. An example of the calculation (i.e. one single random field realization) is shown in 
Table 4. The random fields were generated in Excel using the RND() function, with the statistics of 
Table 5, according to the formula: X*= min(max(X), max(min(X), X + RND() * Xstdev – 
RND()*Xstdev)), where X* is the generated random value (X=v or X=D), min(X) and max(X) are its 
minimum and maximum statistics, Xavg and Xstdev the mean and standard deviation. Example results 
are shown in Figure 11. By running several random generations, it was possible to verify that the 
sensitivity of the time of travel to the value taken for k was rather limited, especially at low distances 
(less than 300 km from the coast). The graphs of Figure 11 are representative of this situation.  
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A- 
distance 
km 
B- v (m/s) C- 
D(m2/s) 
D- C/C0 
no decay 
E- C/C0 
k=0.0001 
F- C/C0 
k=0.001 
G-- C/C0 
k=0.00001 
H- C/C0 
T.t., 
k=0.0001 
I- C/C0 
T.t., 
k=0.001 
J- C/C0 
T.t., 
k=0.00001 
2.5E+01 7.7E-02 1.4E+03 5.1E-01 5.0E-01 4.6E-01 5.0E-01 9.0E+01 8.5E+01 9.1E+01 
5.0E+01 7.5E-02 1.5E+03 2.8E-01 2.7E-01 2.3E-01 2.8E-01 1.8E+02 1.7E+02 1.8E+02 
7.5E+01 1.2E-01 1.2E+03 8.0E-02 7.8E-02 6.4E-02 8.0E-02 2.4E+02 2.3E+02 2.4E+02 
1.0E+02 8.9E-02 1.7E+03 4.2E-02 4.0E-02 3.1E-02 4.2E-02 3.2E+02 3.0E+02 3.2E+02 
1.3E+02 1.3E-01 2.5E+03 2.2E-02 2.1E-02 1.6E-02 2.2E-02 3.7E+02 3.5E+02 3.7E+02 
1.5E+02 1.3E-01 2.0E+03 9.5E-03 9.1E-03 6.3E-03 9.4E-03 4.2E+02 4.1E+02 4.3E+02 
1.8E+02 1.1E-01 2.0E+03 4.8E-03 4.6E-03 3.0E-03 4.8E-03 4.9E+02 4.6E+02 4.9E+02 
2.0E+02 8.1E-02 1.5E+03 2.5E-03 2.3E-03 1.4E-03 2.5E-03 5.7E+02 5.5E+02 5.7E+02 
2.3E+02 5.7E-02 1.9E+03 1.7E-03 1.6E-03 8.8E-04 1.7E-03 6.9E+02 6.5E+02 7.0E+02 
2.5E+02 5.9E-02 2.9E+03 1.3E-03 1.2E-03 6.2E-04 1.3E-03 8.1E+02 7.5E+02 8.1E+02 
2.8E+02 3.7E-02 2.6E+03 1.1E-03 9.9E-04 4.5E-04 1.1E-03 9.8E+02 8.9E+02 1.0E+03 
3.0E+02 4.7E-02 1.2E+03 6.8E-04 6.1E-04 2.5E-04 6.7E-04 1.1E+03 1.0E+03 1.1E+03 
3.3E+02 3.1E-02 3.0E+03 6.0E-04 5.2E-04 1.9E-04 5.9E-04 1.3E+03 1.2E+03 1.4E+03 
3.5E+02 6.0E-02 2.3E+03 4.3E-04 3.7E-04 1.2E-04 4.3E-04 1.4E+03 1.3E+03 1.5E+03 
3.8E+02 1.1E-01 2.1E+03 2.2E-04 1.9E-04 6.0E-05 2.2E-04 1.5E+03 1.3E+03 1.5E+03 
4.0E+02 9.6E-02 1.8E+03 1.2E-04 9.9E-05 2.9E-05 1.1E-04 1.6E+03 1.4E+03 1.6E+03 
4.3E+02 3.0E-02 1.2E+03 8.4E-05 7.0E-05 1.8E-05 8.3E-05 1.8E+03 1.6E+03 1.8E+03 
4.5E+02 7.6E-02 7.5E+02 2.4E-05 2.0E-05 4.6E-06 2.4E-05 1.9E+03 1.7E+03 1.9E+03 
4.8E+02 7.0E-02 2.6E+02 8.1E-07 6.7E-07 1.4E-07 8.0E-07 2.0E+03 1.8E+03 2.0E+03 
5.0E+02 7.0E-02 2.8E+03 5.9E-07 4.8E-07 9.4E-08 5.8E-07 2.1E+03 1.8E+03 2.1E+03 
5.3E+02 3.8E-02 3.0E+03 5.0E-07 4.0E-07 7.0E-08 4.9E-07 2.3E+03 2.0E+03 2.3E+03 
5.5E+02 8.1E-02 2.4E+03 3.3E-07 2.6E-07 4.3E-08 3.2E-07 2.4E+03 2.1E+03 2.4E+03 
5.8E+02 8.6E-02 9.0E+02 1.0E-07 7.8E-08 1.2E-08 9.7E-08 2.4E+03 2.1E+03 2.5E+03 
6.0E+02 5.5E-02 2.2E+03 7.3E-08 5.6E-08 7.8E-09 7.1E-08 2.6E+03 2.2E+03 2.6E+03 
6.3E+02 3.4E-02 2.0E+03 5.9E-08 4.5E-08 5.4E-09 5.7E-08 2.8E+03 2.4E+03 2.8E+03 
6.5E+02 1.2E-01 1.9E+03 2.7E-08 2.1E-08 2.4E-09 2.7E-08 2.8E+03 2.4E+03 2.9E+03 
6.8E+02 6.1E-02 1.6E+03 1.7E-08 1.3E-08 1.3E-09 1.7E-08 2.9E+03 2.5E+03 3.0E+03 
7.0E+02 9.4E-02 1.2E+03 6.3E-09 4.7E-09 4.6E-10 6.2E-09 3.0E+03 2.6E+03 3.1E+03 
7.3E+02 1.0E-01 2.3E+03 3.6E-09 2.7E-09 2.5E-10 3.5E-09 3.1E+03 2.7E+03 3.1E+03 
7.5E+02 9.7E-02 2.6E+03 2.2E-09 1.6E-09 1.4E-10 2.2E-09 3.1E+03 2.7E+03 3.2E+03 
7.8E+02 8.8E-02 2.4E+03 1.4E-09 1.0E-09 8.4E-11 1.4E-09 3.2E+03 2.8E+03 3.3E+03 
8.0E+02 1.3E-01 2.2E+03 6.7E-10 4.8E-10 3.8E-11 6.5E-10 3.3E+03 2.9E+03 3.3E+03 
8.3E+02 1.3E-01 2.3E+03 3.4E-10 2.4E-10 1.8E-11 3.3E-10 3.3E+03 2.9E+03 3.4E+03 
8.5E+02 1.2E-01 2.3E+03 1.7E-10 1.2E-10 8.8E-12 1.7E-10 3.4E+03 3.0E+03 3.4E+03 
8.8E+02 8.3E-02 2.4E+03 1.1E-10 8.0E-11 5.3E-12 1.1E-10 3.5E+03 3.1E+03 3.5E+03 
9.0E+02 5.8E-02 1.4E+03 6.8E-11 4.7E-11 2.9E-12 6.5E-11 3.6E+03 3.2E+03 3.6E+03 
9.3E+02 7.3E-02 3.4E+03 5.2E-11 3.6E-11 2.0E-12 5.0E-11 3.7E+03 3.2E+03 3.7E+03 
9.5E+02 4.5E-02 2.4E+03 4.1E-11 2.8E-11 1.4E-12 4.0E-11 3.8E+03 3.4E+03 3.9E+03 
9.8E+02 1.1E-01 2.8E+03 2.5E-11 1.7E-11 8.2E-13 2.4E-11 3.9E+03 3.4E+03 4.0E+03 
1.0E+03 7.6E-02 1.4E+03 1.3E-11 8.6E-12 3.8E-13 1.2E-11 4.0E+03 3.5E+03 4.0E+03 
Table 4 - The ratio of concentration to initial concentration is plotted  as a function of distance (column A) and 
different overall decay constants (cols D:G); velocity and dispersion coefficient are randomly generated within 
the bounds of the statistics of Table 5. Time of travel is computed accordingly (cols H:J) 
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  v D 
max 0.705907 0.000652
min 0 19421.26
mean 0.086662 1833.141
stdev 0.083523 1901.412
Table 5 – Statistics of velocity (v, m/s) and dispersion coefficient (D, m2/s) used for the random field 
generation. 
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Figure 10 – Sensitivity analysis of the total removal rate to settling velocity (right column) and organic carbon 
content of the suspended sediments (left column). Rates on the y-axis are in hr-1; the numbers on the x-axis 
indicate the sea zone (see Figure 2). 
 
26 
1.0E-13
1.0E-12
1.0E-11
1.0E-10
1.0E-09
1.0E-08
1.0E-07
1.0E-06
1.0E-05
1.0E-04
1.0E-03
1.0E-02
1.0E-01
1.0E+00
0.0E+00 2.0E+02 4.0E+02 6.0E+02 8.0E+02 1.0E+03 1.2E+03
distance (km)
C
/C
0 
no decay
k=0.0001
k=0.001
k=0.00001
0.0E+00
5.0E+02
1.0E+03
1.5E+03
2.0E+03
2.5E+03
3.0E+03
3.5E+03
4.0E+03
0.0E+00 2.0E+02 4.0E+02 6.0E+02 8.0E+02 1.0E+03 1.2E+03
distance (km)
t.t
. (
hr
) T.t., k=0.0001
T.t., k=0.001
T.t., k=0.00001
 
Figure 11 – Example graphs of the time of travel and C(r)/C(0) for different decay rates 
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7. Annex 2 – Some additional considerations on the exponential 
decay model for coastal pollution 
We present a simple conceptual model for the spatial distribution of pollution from coastal sources. 
Conceptual models have been long and widely used in hydrology to build representations of 
phenomena, and consist in avoiding a realistic depiction of physical processes in favour of a largely 
simplified mechanistic scheme, of which the different parameters are obtained through pure 
mathematical and statistical calibration, although maintaining a link to measurable physical processes. 
In the domain of chemical fate and transport, linear box models can be regarded as conceptual models.  
Conceptually, coastal waters contamination from a source having a finite size, small compared to the 
scale of contamination, can be described by the well known Gaussian plume model [see e.g.[7], 
p.105]: 
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where C represents concentration, C0 its value at the coast, b the size of the source  assumed 
orthogonal to the coast, y the distance orthogonal to the coast, and σ the plume dispersion, which is a 
function of y and the distance along the coast, x, in turn assumed parallel to the advective current. 
By definition, the plume dispersion is related to the dispersion coefficient D by the following equation:  
∫+=
=
t
Dd
dt
dD
0
2
2
2
or  ,
2
1
τασ
σ
 
where α is an appropriate initial value of the dispersion. This can be chosen in practice as α = b2.  
Moreover, assuming a constant velocity u along the x axis (parallel to the coast) we can write σ 
independent of time as:  
x
u
Db 222 +=σ . 
Concentration becomes then:  
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If one assumes D proportional to a power of the plume length, or: 
D=γ xδ  
with γ, δ constant, concentration becomes:  
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Let’s now consider a point (x,y) at the downstream end of a stretch of coast along which a number n 
emissions occur (x-axis), each one of intensity Ei (i=1 to n) and mixing width b orthogonal to the coast 
(y-axis); assume that the mixing depth h of coastal waters is also constant. Therefore, initial 
concentration at each emission location is C0i= Ei / b h u.  
The concentration for D depending on x can be expressed in such form as:  
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where xi is the abscissa of the i-th emission along the coast.  A similar expression is obtained with 
constant D.  
By superimposing the plumes from a high number of sources upstream based on the above formula, 
one obtains a profile of concentration as a function of the distance from the coast, at a given cross 
section, which follows with good approximation an exponential profile: 
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which is equation (12) with k=0. 
Examples of superimposition of 200 sources with different spacing upstream are shown in Figure 12 - 
Figure 15 (referred to the case of constant D and v, set to 1000 m2/s and 0.05 m/s respectively). It is 
apparent that, when the spacing increases, the sum tends to the above equation. Results depend only on 
the v/D ratio. 
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Figure 12 - Spacing 10 m, 200 emissions upstream (2 km) 
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Figure 13 - Spacing 25 m, 200 emissions upstream (5 km) 
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Figure 14 - Spacing 50 m, 200 emissions upstream (10 km) 
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Figure 15 - Spacing 100 m, 200 emissions upstream (20 km) 
It is worth stressing that this exponential profile is derived under assumptions completely different 
from the radial or parallel flow, which yielded equation (10). In light of this property, we can argue 
that the simple exponential decay with rate v/D is not just an intermediate practical solution for one 
single emission, between radial and parallel flow, but also a proxy to the solution of the advection-
dispersion equation when more emissions are aligned along a straight coastline, with advection parallel 
to the coastline and dispersion regarded as constant. This provides an additional conceptual scheme 
that can be used for practical mapping of  coastal pollution, when one is interested in a first screening 
of the observed levels.  
Irrespective of its physical interpretation, a simple exponential model seems to capture reasonably the 
spatial trends of advection and dispersion as a function of distance from the coast. For instance, 
considering the total suspended matter (TSM) dataset used to parameterize the model, and we plot 
TSM as a function of the Euclidean distance from the coast (with reference to TSM along the transects 
shown in Figure 16,which correspond to significant gradients of TSM at river mouths or similar 
situations), we find an exponential decay as shown in Figure 17. The trend is reasonably approximated 
by an exponential decay function with rate 4 x 10-5 m-1, as shown in the graph. This value is well in 
line with the ratio of velocity on dispersion coefficient estimated as explained above.  
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Figure 16 – Profiles for the evaluation of TSM  
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Figure 17 –TSM as a function of distance. The solid gray line represents the exponential decay trend.  
 
In order to test the performance of the exponential decay function of the distance from the coast for 
screening-level prediction of concentrations, we collected from the literature a few datasets containing 
measurements of chemical concentration at different distances from the coast, for PFOS and PFOA 
(data compilation from the North, Mediterranean and Baltic seas provided by courtesy of R. Loos, 
personal communication), drugs and caffeine measured in the North Sea [57], PAH [8] and TBT [31] 
measured in the Mediterranean, and Lindane in the North Sea [data reported by 53]. We georeferenced 
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the sampling locations and we extracted, for each point, the value of the indicator I(x,y) shown in the 
upper part of Figure 9, and the Euclidean distance from the coast., supposedly occurring near the coast. 
Then we plotted it together with the measured concentrations normalized by the maximum, as a 
function of the Euclidean distance from the coast. Results are shown in the following figures. An 
overall comparison is provided in Figure 22, which indicates clearly that, for screening level 
calculations, an exponential model based on the indicator I(x,y) generally yields errors within a factor 
5. However, there are circumstances where observed concentrations may be higher than predicted by 
the indicator I(x,y), indicating persistence of high concentrations away from the coast, which can be 
only explained through a more complex model. This gives an idea of the limits of applicability of the 
indicator for the screening of coastal pollution.  
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Figure 18 – PFOS and PFOA vs distance from the coast (data compiled by R. Loos, personal communication). 
Dots represent measurements normalized by the maximum, while lines represent the I(x,y) indicator 
concentrations, and the same multiplied/divided by a factor 5  
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Figure 19 – Concentrations of Chlofibric acid, DEET and caffeine vs distance from the coast [57], North Sea. 
Dots represent measurements (normalized with respect to the maximum), while lines represent the I(x,y) 
indicator, and the same multiplied/divided by a factor 5  
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Figure 20 – PAH [8] and TBT [31] vs distance from the coast, Mediterranean. Dots represent measurements 
(normalized with respect to the maximum), while lines represent the I(x,y) indicator, and the same 
multiplied/divided by a factor 5  
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Figure 21 – Lindane [53] vs distance from the coast, North Sea. Dots represent measurements (normalized with 
respect to the maximum), while lines represent the I(x,y) indicator, and the same multiplied/divided by a factor 
5  
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Figure 22 – Comparison of measurements and the exponential model given by I(x,y) multiplied by the 
maximum concentration in each case. 
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Abstract 
 
We use the numerical model GETM to build a simplified scheme of pollutant transport for European seas, in 
form of a linear multiple-box model. Boxes are defined following gyres and still water areas, thus minimizing the 
number of areas necessary to describe lateral exchanges of contaminants between zones. We use the multiple-
box model to identify areas where a “water column” approach can, or cannot, be used for preliminary 
calculations, depending on the influence of lateral exchanges and the uniformity of distribution of emissions in 
space. Also, we make use of dispersion and velocity maps to compute the attenuation of coastal pollution for a 
generic non-conservative pollutant. We show that a reasonable way to compute concentrations as a function of 
distance from the coast is an exponential decay with constant given by the ratio of velocity on dispersion. The 
approach is proposed in order to obtain quick estimates of spatial mass distribution of pollutants when a “water 
column” approach cannot be used, prior to using more comprehensive and computationally demanding sea 
transport models which remain the elective or necessary tool for more detailed evaluation. 
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